Abstract Essential oils from 35 aromatic and medicinal plant species of Gorakhpur Division (U. P., India) were evaluated for their repellent activity against pulse bruchids Callosobruchus chinensis L. and C. maculatus F. of stored pigeon pea seeds. The oil concentration was at 0.36 μl/ml. Out of 35 essential oils, Adhatoda vasica Ness and Chenopodium ambrosioides L. oils showed absolute (100 %) insect repellency. Chenopodium oil exhibited 100 % mortality for both the test insects at 10 μl concentration (LD 50 02.8 μl for C. chinensis & 2.5 μl for C. maculatus) and more toxic than Adhatoda oil (LD 50 06.8 μl for C. chinensis & 8.4 μl for C. maculatus). During in vivo evaluation, 0.29 and 0.58 μl/ml of Chenopodium oil significantly enhanced feeding deterrence in insects and reduced the seed damage as well as weight loss of fumigated pigeon pea seeds up to 6 months of storage as compared to control set. Thus, Chenopodium oil can be used as an effective option of commercial fumigants for the storage of pigeon pea seeds against pulse bruchids.
Introduction
Deterioration of pulses provoked by insects accounts for considerable loss of economic importance at international level. The bruchid, Callosobruchus species (Coleoptera: Bruchidae) is a cosmopolitan field-to-store pest ranked as the principal post harvest pest (Dongre et al. 1993) . It causes substantial quantitative and qualitative loss, manifested by seed perforation, reduction in weight, market value and germinability of seeds. About 10-40 % of the total annual production valued at billions of US dollars are lost annually alone to Callosobruchus species in tropical countries (Ukeh and Mordue 2009) . In order to manage the deterioration, more and more synthetic fumigants are being used, but unfortunately they posed various side effects on human health like carcinogenicity, teratogenicity, hormonal imbalance etc. (Unnikrishnan and Nath 2002) . With the limitations on the use of current pest control methods, there is scope for the discovery of safe, non-polluting, bio-rational pest management technologies for stored products. The use of botanical pesticides in pulse protection has a long account (Verma and Dubey 1999; Rajendran and Srianjini 2008) and there are a number of bibliographic records on the use of essential oils from different plants against stored product insect pests by researchers in developing countries were found (Rajapakse and Vaneben 1997; Kim and Ahn 2001; Rajashekar et al. 2010; Devi and Devi 2011; Jaya et al. 2012) . So far, the effect of plant essential oils on Callosobruchus species has been investigated using fumigant toxicity (Park et al. 2003) , repellent activity (Mishra et al. 2002; Radha and Murugan 2011) as well as antifeedant activity (Kumar et al. 2008) .
Pigeon pea (Cajanus cajan L. Millsp) is a legume of semiarid tropics. It is cultivated in more than 25 tropical and sub-tropical countries of the world (Reddy et al. 1993 ). It is a major source of protein and other essential nutrients like lysine, riboflavin, thiamine, niacin, and iron in the areas where it is cultivated. India is the world's largest producer of pigeon pea and accounts 75 % of total worldwide production. India produces about 2.0-2.5 million tonnes of pigeon pea yearly. Major losses of pigeon pea during storage by pulse beetles affect overall production by Indian farmers. This loss is expected to be 7-10 % at the farm to market level and 4-5 % at market and distribution level (Anonymous 2011) . This loss constitutes 12-16 million tonnes of grain for which average annual per capita utilization is approximately 15 kg. North-eastern Uttar Pradesh is ideal for pigeon pea cultivation, but due to high humidity and warm storage conditions there is decrease in shelf life of pigeon pea seeds during storage due to infestation caused by Callosobruchus species such as C. chinensis and C. maculatus. Therefore, the present study was performed to evaluate repellent activity of some essential oils isolated from aromatic plants of Gorakhpur Division (U.P., India) against aforesaid pests of pigeon pea seeds in order to find some effective botanicals. Insecticidal activity of more potent oils and in vivo preservation of pigeon pea seeds with most active oil were also investigated.
Materials and methods

Insect rearing
Rearing of the both Callosobruchus species was carried out separately in glass containers at Bacteriology and Natural Pesticide Lab, Department of Botany, DDU Gorakhpur University, Gorakhpur under the environment conditions of 28±2°C and 75±5 % RH (Shukla et al. 2007) . To obtain newly emerged bruchids of same generation, 40 adults were released in a container having 250 g of pigeon pea seeds covered by a muslin cloth. The insects emerged after 3-4 weeks were used during the entire experiments.
Essential oil extraction
Thirty five indigenous aromatic and medicinal plant species were procured from Gorakhpur Division (U.P., India) during [2008] [2009] , and identified with the help of Flora Gorakhpurensis (Srivastava 1976) as well as by matching their specimens lodged in the herbarium of BSI (NRC) Dehradun. Essential oils from fresh parts of collected plant species (300 g each) were extracted separately using Clevenger's apparatus at 90±2°C for 4 h. Each essential oil was dried over anhydrous sodium sulphate and was stored at 4°C in clean glass vial for further experimentation.
Repellency bioassay
Essential oils were assessed for their repellent activity against insects Callosobruchus chinensis and C. maculatus following the method of Tripathi and Kumar (2007) using 'Y' tube Olfactometer separately. Requisite amount of the oil (0.36 μl/ml) from each plant was soaked in cotton swab and introduced in one arm of 'Y' tube of Olfactometer separately. Water soaked cotton swab was placed in other arm as control set. 20 individuals of each test insects were obtained from reared culture, and introduced separately into basal arm of 'Y' tube Olfactometer in 4 batches at interval of 10 min each to avoid mutual interference. The repellent activity of oil was recorded in terms of per cent repellency (Per cent repellency0NC-NT/NC × 100, where NC and NT are number of individual in control and treatment arms of Olfactometer respectively) after 30 min of interval.
Insecticidal bioassay
The insecticidal activity of potent oils was determined against C. chinensis and C. maculatus following Kumar et al. (2008) . Different amounts of oil (5, 10 and 20 μl) were soaked in filter paper discs (10 mm diam) separately and pasted on inner surface of the cover of the pre-sterilized Petri plates containing 5 g of pigeon pea seeds alongwith a group of ten insects. Similarly, a control set was also maintained without oil. In order to get cidal nature of the oil, the insect revival was observed after transferring them onto fresh Petri plates. Experimental set up for both the insects was done separately. The incubation temperature was at 28± 2°C and 75±5 % RH. The per cent mortality of insects was recorded at interval of 24 h of exposure.
In vivo toxicity of Chenopodium ambrosioides oil against pulse bruchids Experiment was conducted following the method of Shukla (2009) . To find out practical applicability of Chenopodium oil as fumigant for the protection of pigeon pea seeds from insect infestation, freshly harvested pigeon pea seeds of local variety (Ramarhara) were collected from village of Gorakhpur district during 2009-2010 in polyethylene bags. The moisture content of the seeds was determined by oven drying method. Different amounts of Chenopodium oil were soaked in cotton swabs so as to procure concentrations of 0.29 and 0.58 μl/ml and introduced separately in pre-sterilized gunny bags and glass containers (35 cm diameter × 16 cm) with 1 kg of pigeon pea seeds for fumigation. Likewise two other sets were prepared by treating pigeon pea seeds with synthetic fumigants (aluminium phosphide and ethylene dibromide, purchased from market) for comparison purpose. The non fumigated seeds were kept as control set. Each set was kept in triplicates.
The containers were made airtight and stored in a seed storage cabinet in laboratory at 28 ± 2°C and 75± 5 % RH for 6 months. Efficacy of the oil and synthetic fumigants in control of pigeon pea seed's infestation was assessed by weight loss, seed damage (Parkin 1956 ) and by calculating feeding deterrency index (Isman et al. 1990 ).
Statistical analysis
All the experiments were carried out in triplicates and data were subjected to standard deviation. Data were also subjected to analysis of variance (p<0.05) and the means were separated using Duncan's multiple range test. Probit analysis was used for the estimation of LD 50 .
Results and discussion
During insect repellent activity a considerable variation in repellent activity among oils and insect species was observed. On one hand Adhatoda and Chenopodium oils exhibited 100 % repellency against test insects by contrast, some essential oils viz., Lawsonia inermis (7 %) for C. chinensis and Ashphodelus tenuifolius (9 %), Gynura crepidioides (5.8 %), Murraya koenigii (3 %) for C. maculatus showed poor repellency (<10 %). The essential oils of Anisomeles and Hygrophila showed more than 75 % insects repellency against both insect species while Xanthium oil showed 80 % repellent activity for C. chinensis only (Table 1 ). This differentiation of toxicity among the oils may be due to differences in their chemical constituents present in oils. Using same pathogens, Tiwari et al. (1998) recorded 100 % repellency of Cinnamomum zeylanicum at 0.004 % concentration for C. chinensis. The repellent activity of Plactranthus grandifolius was 84 % for C. maculatus (Mikolo et al. 2009 ). These variations in repellency may be due to variation of host range of Callosobruchus species. The repellent plants may contain certain active volatile compounds that elicit antifeedant behaviour by the visiting insects. During insecticidal bioassay, Adhatoda and Chenopodium oils applied at dose of 5 μl caused significant (p<0.05) mortality of test insects within 24 h treatment as compared to control set (Table 2) . Chenopodium oil was more toxic towards both insects than Adhatoda oil and exhibited 100 % mortality at 10 μl. Table also shows that LD 50 values of Chenopodium oil were 2.8 μl for C. chinensis & 2.5 μl for C. maculatus and were less than Adhatoda oil (LD 50 06.8 μl for C. chinensis & 8.4 μl for C. maculatus).
Naturally occurring compounds can affect the physiology of insects or modify their behaviour. Either the compounds in the vapour phase (volatile) or non-volatile compounds can affect insects to change their behaviour. Those compounds can impede development, kill insects or cause losses in fecundity or viability of egg production and, therefore, reduce the number of offspring. They may act by ingestion, cuticle contact or fumigant action (Radha and Murugan 2011) . It has investigated that the insecticidal constituents of many plant essential oils are terpenoids. Due to their high volatility they have fumigant activity that might be of importance for controlling stored-product insects. Recently, chemical analysis of Chenopodium oil revealed that oil was mixture of α-terpinene (37.7 %), p-cymene (16.7 %), limonene (1.9 %), isoascaridole (2.5 %) and ascaridole (38.03 %) as major constituents (Pandey et al. 2012 ). In present study, Chenopodium oil exhibited greater insecticidal activity with regard to both insect species than Adhatoda oil. Moreover, C. ambrosioides oil also reported to exhibit ovipositional, ovicidal and antifeedant properties (Pandey et al. 2011) against Callosobruchus species in our earlier research. The toxic effect of C. ambrosioides oil could be attributed to presence of chemical constituents such as 
, where C and T is the weight loss in control and fumigated sets respectively, Weight loss and seed damage were nil and FDI index was 100% a in all cases for both concentrations (0.29 and 0.58 μl/ml) of Chenopodium oil α-terpinene, p-cymene, limonene, ascaridole and isoascaridole. These terpenic compounds act as the fumigant in Chenopodium oil which might have broad insecticidal activity. These constituents were also reported as insecticidal agents against several other stored-product beetles by earlier researchers (Tapondjou et al. 2002; Kim et al. 2003) . This indicates that the active ingredients of botanicals which are responsible for the toxicity of the plant kill the insects gradually. Thus, the activity of the oil seems likely to be due to the synergistic effect of major and minor components present in it.
Chenopodium oil showed its efficacy in control of pest infestation of pigeon pea seeds during 6 months of storage. It significantly protected pigeon pea seeds from storage pests by decreasing weight loss and seed damage than control sets, exhibiting 100 % feeding deterrency. The seed samples of control sets exhibited presence of C. chinensis and C. maculatus. The weight loss and seed damage of control sets due to bruchids were 35 & 48 % when stored in gunny bags and 28 & 38 % when stored in glass containers respectively (Table 3) . Among synthetic fumigants, ethylene dibromide showed its effectiveness than aluminium phosphide.
Interestingly, repellency, insecticidal and preservative effect of Chenopodium oil are showing that the plants' essential oil are of great potential to be used in preservation of pulses where this Callosobruchus species causes severe damage and while the application of pesticides produce risk hazard to human health and environment. Thus, when essential oils are employed in a storage pest management plan, concerns regarding pesticide residue would be mitigated since some essential oil constituents taken through diet are actually not harmful, but even beneficial to human health (Haung et al. 1997) . In previous investigations ascaridole, the main constituent of C. ambrosioides oil was found to be a potent inhibitor against in vitro development of Plasmodium falciparum (Pollack et al. 1990 ), Trypanosoma cruzi (Kiuchi et al. 2002) and Leishmania amazonensis (Monzote et al. 2006 ) justified its utility as non-toxicant for human beings.
Conclusion
The present study review that C. ambrosioides oil was found to be most toxic during repellency bioassay of 35 essential oils against C. chinensis and C. maculatus. Chenopodium oil holds good insecticidal property. From in vitro and in vivo trials it can be concluded that Chenopodium oil may be recommended as cheap, easily available and eco-friendly botanical pesticide in management of C. chinensis and C. maculatus and thus, is efficacious in protecting pigeon pea seeds and other food commodities from bruchids attack at farmer level. The results of the investigation would indicate a significant potential for this plant as a possible source of natural insecticide that could be used as an alternative to synthetic insecticides.
